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ABSTRACT
This paper summarizes the research work carried out by the authors on domestic refrigerator no-frost evap-
orators. It includes an explanation of the experimental unit that is currently being constructed to test
isobutane fin-and-tube evaporators, together with a short description of the numerical tools developed. The
first preliminary experimental results using single-phase coolants are then given together with their numerical
counterparts. The numerical results are presented in detail in order to both complementing the experimental
information obtained, and to show its potential as an analysis and design tool.
1. INTRODUCTION
The no-frost domestic refrigerators have generally a fin-and-tube evaporator to cold the air for both the
cooling and freezing areas. This situation involves important operating differences depending on the airflow
conditions entering the evaporator, leading to non-uniformities in frost formation, impact on the refrigerant
conditions, etc. This is a relevant topic for this application, which is being analysed by the authors together
with other aspects of the unit as the airflow throughout the compartments of the refrigerator, the study of
the compressors and the transient behaviour of the unit working with isobutane.
Several publications have been identified on this application, covering different interesting aspects. The pa-
pers of (Barbosa et al., 2008) and (Seker et al., 2004) present experimental results on this kind of exchangers,
while (ElSherbini et al., 2003) presents a study on the impact of the thermal contact resistance on this kind
of evaporators, analysing the influence of dry and frosting conditions. Among the extensive literature found
on the modelling of frosting evaporators, (Yang et al., 2006) model presents a variable fin spacing approach,
while shows experimental comparison results on evaporators with geometries of the range used in domestic
refrigerators. On the CFD side, (Shih, 2003) shows the analysis of the airflow distribution throughout the
evaporator compartment in the refrigerator.
This paper focuses on the current state of the research carried out by the authors on the analysis of fin-and-
tube evaporators working with isobutane, both from an experimental and numerical point of view.
From the basis of a vapour compression loop working with isobutane, mainly conceived to test hermetic
reciprocating compressors, an extension of the unit is being constructed to be able to test fin-and-tube
isobutane evaporators. Therefore, an additional air-cooled evaporator has been added in parallel to the
previous double pipe evaporator (liquid-cooled). This heat exchanger is placed in a new air-loop which
create the air motion and controls and measure the air conditions.
The numerical tool used to analyse the heat exchanger is the CHESS code (Oliet, 2006) (Oliet et al., 2002),
a detailed/distributed tool developed by the authors for the analysis of fin-and-tube heat exchangers at an
industrial level. The code is already prepared to simulate this kind of evaporators, covering both dry and
wet/frosting conditions. The unit will be also important in the future improvement of the tool, specially
referring to the complex frost formation phenomena and in the fin-tube contact aspects.
The experimental unit is now in an advanced point of construction, and preliminary dry tests using single
phase coolants are already available. These tests, which cover the airflow range of interest are presented and
International Refrigeration and Air Conditioning Conference at Purdue, July 12-15, 2010
compared to the numerical calculations. The numerical results are finally presented in detail to show their
potential as an advanced analysis tool.
2. EXPERIMENTAL SET-UP
An experimental set-up to test isobutane hermetic reciprocating compressors is already available at CTTC,
and consists on two double-pipe heat exchangers as evaporator and condenser, the expansion devices (valves,
capillary tubes) and the compressor under testing (Figures 1, 2). For more information on this unit, please
refer to (Rigola et al., 2003).
Figure 1: Schematic diagram of the refrigerating vapor compression experimental facility.
Figure 2: Pictures of the refrigerating vapor compression experimental facility.
Within the framework of the research work on domestic refrigerators, an extension of such unit has been
planned, where the refrigerant flow after the expansion could also be delivered to a fin-and-tube evaporator
placed inside a new closed air loop (Figure 3). The air loop has been already designed and almost constructed
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(Figure 4, 5), but currently is being fed by a thermal bath using single phase coolants, as a preliminary stage
to test and check energy balances between the air and the coolant, and to study with less uncertainties
some particularities on the air side (frost formation, thermal contact resistance). The airflow can be fixed
from about 15 to 75 m3/h, and the air conditions at the evaporator inlet are conditioned by adequate
screens and flow straighteners. Temperature and humidity are controlled in a specific chamber by the
corresponding heater and humidifier. The duct is kept vertical in order to replicate exactly the position
within the refrigerator. The air temperature is measured by thermocouple grids (TC) near the evaporator
and by thermoresistances (RTD) after mixing sections. The airflow is measured by a vortex flowmeter and











































Figure 3: Schematic diagram of the air loop to test evaporators.
Figure 4: Pictures of the air loop to test evaporators.
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Figure 5: Pictures of the tested fin-and-tube heat exchanger.
3. NUMERICAL TOOL
The proposed resolution strategy for the detailed/distributed CHESS code is based on a discretisation
around the tubes as small heat exchangers (Oliet, 2006), (Oliet et al., 2002) (Figure 6, left). Each macro
control volume is obviously receiving flow inlet conditions from the neighbour control volumes or from
the boundaries. An important characteristic of this modelling, specially in the continuous fin geometries
encountered in HVAC&R coils, is the multi-dimensional heat conduction analysis along the tubes and fins
(Figure 6, right), providing a complete coupling all over the heat exchanger solid core.
Over these macro control volumes, the conservation equations of mass, momentum and energy are applied
on both flow streams and the energy equation on the solid elements. On the air-side, mass balances are
needed for both dry air and water vapour. For a fixed and constant spatial volume V bounded by a closed



















































































Figure 6: Numerical modelling of the heat exchanger core.
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In this work unsteady analysis has been performed for both fluids, taking negligible radiative heat transfer at
each control volume. Fluid-solid interactions are evaluated by means of local heat/mass transfer coefficients
and friction factors. The unsteady conduction heat transfer equation for the solid elements (tubes and fins)
is obtained from Eq. (3) as a particular case. Frost formation over the finned surfaces is also evaluated at
each control volume, considering temporal variations of frost layer thickness and density (Oliet, 2006).
The previous analysis results in an algebraic non-linear coupled equation system, which resolution provides
detailed three-dimensional velocity, pressure, and temperature maps for both fluids and temperature maps
for the solid structure. The coupling between both fluids and the solid elements is done in a global segregated
transient resolution algorithm.
The implemented analysis allows the simulation of non-stationary situations (e.g. frosting process, start-up,
etc.) and leaves the steady state as a particular case. Flexible input data allows the interaction of the model
with simulation of the environment or the rest of the system. This is of special interest in the analysis of
multi-heat exchangers situations in air-handling units, or in the interaction between the air-cooler and the
airflow streams coming from different compartments of the refrigerator (with different velocity, temperature
and humidity levels). For a more detailed explanation, refer to (Oliet, 2006) or (Oliet et al., 2002).
4. PRELIMINARY EXPERIMENTAL RESULTS
A domestic refrigerator evaporator has already been tested in the unit (general description given in Table
1, Figure 7), working with a single phase coolant and in dry conditions. These are preliminary results but
relevant in order to check the heat transfer performance of the heat exchanger for a wide range of airflow
velocities, without the additional uncertainty of an internal evaporating two-phase flow. Additional results
are foreseen in the near future on wet/frosting conditions, and at mid-term including evaporators working
with evaporating isobutane.
Finned length L
Coil height 0.137 L
Coil depth 0.521 L
Tube OD 8.0 mm
Tube lay-out 2 x 10 tubes, staggered
Table 1: Evaporator tested, main geometry. Figure 7: Evaporator tested, liquid circuitry.
Five experiments are presented here (Table 2), covering an important range of airflow values for this applica-
tion (15 to 60 m3/h), and also varying liquid flow. The internal fluid is a 60% vol. aqueous propyleneglycol
mixture. The experimental heat transfer values are presented in Figure 8, also indicating the estimated
uncertainty range.
Test air flow Tair-i (TC) Tair-o (TC) liq flow Tliq-i (RTD) Tliq-o (RTD)
[m3/h] [oC] [oC] [l/min] [oC] [oC]
1 15.26 22.14 36.69 1.10 38.85 37.70
2 30.08 22.18 35.33 1.12 38.76 36.83
3 60.64 23.37 33.70 1.11 38.75 35.83
4 30.48 21.68 35.62 1.41 38.89 37.21
5 30.50 21.83 36.16 1.98 39.13 37.91
Table 2: Experimental tests: conditions.
The same tests have been calculated by using CHESS code, and at this stage, the results are giving good
agreement with experiments (Figure 8). Although uncertainties still remain open (specially in thermal
contact resistance aspects), and future work is obviously necessary to confirm this behavior, these results
allow us to have a certain confidence in some preliminary numerical parametric studies carried out on the
evaporator working under wet conditions and using isobutane.
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Figure 8: Comparison of experimental data and numerical values. Influence of air and liquid flows.
4.1 Numerical detailed results
As indicated previously (Figure 8), the first numerical tests show a good agreement with the experiments.
In this section, we think of interest to briefly show by means of detailed results (test 2) the potential of the
model in the analysis of the experiments and in future design work.
The thermal performance of the liquid cooler is shown from two different perspectives. The first one is
following the refrigerant/coolant flow path (Figure 9). The air temperature shows a typical V-shape because
of this cross counter-parallel coolant flow arrangement (start and end path correspond to air outlet, middle
path to air inlet). The coolant temperature shows a stronger variation in the central part of its length,
as corresponding to the first rows of the exchanger, where higher temperature differential exists to the air
temperature. Meanwhile, because the tube temperature is much closer to the refrigerant one, it remains
clear that the key thermal resistance in this heat exchanger is still on the airside. Local variations of tube
temperature are due to the local evaluation of internal heat transfer coefficients (developing effects). The
steps in air temperature are generated because of a tube change. The same figure also depicts the evolution
of local heat transfer rate, again showing that this configuration has a higher heat transfer in the central
part of the coolant path. All this information would help in the design process, saving experimental tests,












































Figure 9: Numerical analysis (test 2): temperature and heat transfer distribution (refrigerant path).
The second point of view is on a row-by-row basis following the airflow (Figure 10). It could assess the
designer to achieve a good distribution of the heat transfer but specially the mass transfer in this kind of
equipment. Variable fin pitch would be derived by these calculations to look for an even frost deposition.
As seen in the figure, the air temperature increase with rows, as crossing the exchanger, while showing a
decrease in the rate of change, because the reduction in the available temperature difference. The heat
transfer distribution shows also a progressive reduction, only broken by a change in fin pitch between rows
3 and 4.
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Figure 10: Numerical analysis (test 2): temperature and heat transfer distribution, (airflow path).
5. CONCLUSIONS
This paper introduces the work carried out by the authors related to fin-and-tube evaporators in domestic
refrigerators. A new experimental air loop is being constructed to be coupled with an already available
isobutane vapour compression refrigeration unit, in order to test air-cooled isobutane evaporators. At current
stage, the unit is being tested with single phase coolants, in order to gather information on the airside
performance and to test airside measurement elements. A numerical tool developed by the authors is also
briefly introduced, and successfully applied to current preliminary liquid tests. The model provides a very
detailed information of the local behavior of the exchanger, and would be an important design tool to reduce
the number of experiments and to improve the level of information on each single test.
NOMENCLATURE
e specific energy (J · kg−1) Greek symbols
f(n) viscous stress vector (N ·m
−2) ρ density (kg ·m−3)
g gravity (m · s−2) Subscripts
h specific enthalpy (J · kg−1) c kinetic
L length (m) cond conduction
n outward direction (−) i inlet
N control volumes (−) o outlet
p pressure (N ·m−2) p potential
q̇ heat flux (W ·m−2) r refrigerant
Q̇ heat transfer rate (W ) x airflow direction
S flow section (m2) y transversal direction
t time (s) z tube axial direction
T temperature (K)
v velocity (m · s−1)
V volume (m3)
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